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Abstract of JP2004023043 

PROBLEM TO BE SOLVED: To provide a method for depositing a compound film of good quality 
easily and efficiently when the film is deposited by butch processing using ALD method. 
SOLUTION: In a processing chamber 11 for depositing a Ta2 02 film 28 collectively on the surface of a 
plurality of wafers 23 by butch processing using ALD method, the wafers 23 are arranged while 
spacing apart the surfaces thereof from each other. The processing chamber 1 1 is then purged by 
supplying Ar gas, and the inner atmosphere is heated thus holding the indoor pressure at about 0.6 
Torr and the indoor temperature at about 280 deg.C. Ar gas is then supplied continuously toward each 
wafer 23, and H2 O gas is supplied above the surface of each wafer 23. After H2 O gas supply is 
interrupted, Ar gas is supplied continuously toward each wafer 23 and PET gas is supplied above the 
surface of each wafer 23 thus depositing Ta2 02 film 28 on the surface of each wafer 23. 
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0, 17, 1 9 \t, ®m£Wx--^2 3^)il> L< li#?x-^2 3 H±«>HlfclRl 

<i»t|i, ftLtHC, ^x-^2 3^|S, 
t< tt#">x-^2 3^±<*>W]fclRl»tT\ 0 2 ifXitzttA r^^t^:i:i:i >9 
, #^x-^2 3<75^®#i5. & t< tt#**->^2 3l^±OW^P>x /F54^*ffljS 

[0 0 5 6] 

09 2*3^^11 3 £#J1 Loo, #3fc*»lOftll^lcov»TRW1-* 0 

i: LTCOT a 2 0 5 K2 8 £j£BI1-£ &<7)-e&&o 
[0 0 5 7] 

ffi8fcfcfc«>*x-^2 3*EJ6#S1 IrtCiAU K&$&1 1 ASSESS ftT 
r2 4fc£i*3**o «»tt\ WAinMK1t2 6«rfflv>T. % JUSffil lrt©#H^«t 
^#^^-^2 3^^Jg* s ^2 8 ortc^S,}:^ Icte&^-lcip^-rSo -e*ifc fcfc, P 
ET^^f 1 0. H 2 0#>U Vi>x**- 1 7, JScfctfO, >vx 

9*t>*4VeJt|&l S LMfoA r #*£E)£#ff 1 lftCMLT, SMS 

1 lrt<BJE>b**&0. 6To r ri:fto 0 t - b <j ~P*m lilt 1 OMtt^o R 
JSSSl lrtofifl? (*PrtiajK) i ! 2 8 0t±l OSIi£-e£j£LTv>aifcfc?iBLjfc 
ft, WE* £lt 0 . 6TorrCfi^o, 12 2 fc^1->"-<jr V^fcgoVTJrFfc 

[0 0 5 8] 

lfcK, H 2 0#*-f yVs.99- 1 7frhKt 0#***& 4 5#HU 
It 5 0 0 s c c m^A-TS i: <b PETf^-f y*J*99- 1 OiSitfO, if 7.4 y 
yi^-19*U r #J*£"£«V?*:lt*t4 5^H> It 5 0 0 s c cmfofttTS, R 

1 lrt£i*A3*ifcH, 0#*li, H3 (a) fc*1"J:$fc, ^x-^2 3©| 
]iitiR*1-i 0 

[0 0 5 9] 

3cfc. KJ&$£llftfc, PET^'f y s J*99- 1 OfcitfO, if*4y s J*99- 
19HAr^tft*&Loo, H 2 0#*W >i>x* 1 7 jJ^Wl^^A r 
^K«»l»x4, f Lt, KiB£S|l lftfc* PET^'f yVx-99- 1 0, 0 2 # 

2 Itl SLMfoftftti, CtlfcJ:^ x -y> 2 3 N fcft 2 0 8> 
[0 0 6 0] 

#c£> PETSft«I)WSl3 s c cmi:44*fft, P E T 1 1 ft KP E 

T^-f Wx^?- 1 0 i >)*t2 0^H#A1-*o £<Ol&, PET#xr/yi^- 
1 0<7)I*lffi{i, It2 3To r r 0 2 * S J*9 9- 1 9fcJ:tfH 2 0 

*T.X>f VS>x* 1 7^^)14, A r it* Sr^tl-eftlt 2 0 8>WK It 5 0 0 s c c mfo 

[0 0 6 1 ] 

2 8 Ot;irtfe-e»±PET^^I»ElBtt?&irfeif>«:V»^ ^x-^2 3<0^®K 
I4H, t"CV»40-C, H3 (b) WJ:^^ #9 x-/% 2 3 O^lSKSIgL 
fcPET^»ilR«L"Cv»*H, 0fcOM-Clm*»»SJSSrjBi1-« iiiKJ:^ 
-/n2 3©*lB±fc, KJ?*«lt0. 3 nm©Ta©*fc*©lfeMftR3*t*o 4*. S3 

(a), (b) fcfcv>T»i> -)x-/N2 3<5iifiKTa 2 0 5 12 8«?HSftS* 
*g#L£<1-*fc*fcx H 2 05H-*PET^*if«:£5S;ttfc«v>fco 
[0 0 6 2] 

0 2 1 9£ <fctfH 2 0#7>^ >->*x^ 9- 1 Ifrhk r 

SJBSSl lft^MLoo, PET^^yx^ - 1 Oi^Mn^^Ar # 
*fc#»)*x.*« LT> KJSSS&l lrtK, PET^>f >yx^-l 0> 0 2 
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4 Vi?x99- 1 9, J3«fctfH 2 0if^>-Jx9 9- 1 7*»feA r £-£*t-f *l& 1 
O^fB, &1 S LMf^ttl&tS, i*uci t) % W8t*#**-^2 3E£ftl OfJ>M 

[0 0 6 3] 

2 *r;u ^;x^- i QfcJtfH, o^r/yx^- 1 7 ^fcflM&i- 

^^>9#x.&o Lt, 1 WK* PET^rA/x^- 1 O^fcA r 

jf*Z&&i-&tkt>K, 0 2 if*4 V*Jx9 9- 1 >*J s.9 9 - 

nfrb\±0i n^^M^mi o®m, &i s LMfo^ts 0 «j> 

°[0 0 6 4] 

#cfc^ 1 l*3K> PET^>yx^-10^f)Ar^*«Loo, 0 

2 if*<< 1 9*J:tfH, Otf*^ 1 7^*>ffi*&1-£#*£A r 

Jtr^fcSJi)**.** Lt> SJ&SSl lf*lK> PET^^Vyx^^ - 1 0, 0 2 # 
*>f >vx**- 1 9> fcitfH, 0#*-f >*J*9 9- 1 7*&A r #*£<£tl-?*t& 
5#H> Ull SLMfcft^tS. ififcJrlK W&t*>Hr*J 2 3 M**& 5 8>H'< 

[0 0 6 5] 

a±KWtfc-ao^-^V^ (#JK) «K ftl 2 0#T#^x-^2 3(OiI±C 
«J0. 3 nmOilff*#T*TaOK2 SSr^-KSfcRi-iifc^TS*, i<D&12 
O^O^-^**: l^M *^t U itL*3 0 0* Dag-fit J: #->x-^2 3 
©gffi±CTa 2 0, »I2 8*&9 nmii&3-fr*o 0 2 ^^yx^-1 

9*5>0, /0, fi#35f^ tRJKWl lrtl^ALT, Ta 2 0, BI2 8 KBrjSoJ&S 

*»SiiTV>*Hk EJ&giSl lfc#*&*it, ^Rtftofe^^lis lWO 

* KJ5§S 1 1 ?ti5o 
[0 0 6 6] 

B4 fc, PET iS7> 4 >~Jx9 9- 1 0 KiStt fe*LTV»*4S-ftS EH L?L 2 7©KBBflf (Pi 
□M) *Kfc«fcSE*.T* JftRBJfctTa, 0, R2 8«V<-f4 **tS>«MM«* 
*i^»;>^Lfcie***1-o H4+©|E^-f *3 fc, #^^aiL?L2 7 $rTO£^x. 
lifcfci »), T a 2 0 6 H2 8 0*R«»t*»t*PET3!r^'f >vx**- 1 0?>TO 
Ei^WiitWJo ^titt^K, PET^^V-7x^^-10©WIS: 
5Tor r&TKfcSt, ARUift^^D 1 1 t t 4 9 )\>±m Z. t tffrfrh 

°[0 0 6 7] 

*ftW#&*«ff o fcHafcfc £ ft tf > r -f * JW^ig* L fcH-frO PET*'X^fV v x 9 
9- 1 0«rt»tHFft*U I CP***lftfrofcki4, PET**X-f >Vx.?9 
-10©rt»KTa, 0, R2 8*9|t»fCV>fcit*«MWUfco iftWU PETf^^ 
>i>x**- 1 Otf>rtffiriMST"f*tx >f>yx^#-10Ort»ClSAUH, 
W/yi^ - 1 OOrtttl&ffifciftfcU r/vx^-l 0<7>l*3?B-e<>ALDRJS# 
fei* it i^tt*HJ:*U^ ALDfeK^<*fflWyita[jE4«88T* 

*1-4fcftKlix H^^vx^-i LTOPET^ 10, H, 

O^Oyx^ - 1 7, teXVOz 1S7.4VVx.99- 1 90-?*>> < t i>Mft 
HHW x9 9-b U^PET^Vyx^^-1 0 *K»K»»t*-f 

[0 0 6 8] 
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Offl^$iJ®OT^-e*2»o t ALDi^ifflt^itCJ:i), *k£-*R2 8fc«t 
2 3 «5*imbL< 2 30nfc*+ttfctt*frT& IDPMr* is «fc CTiSI* 

, gJftjy^^iCffSttftbSr^wi^ftv**^^, JgjEfctfitH-frfcA LD&RR/S 

[0 0 6 9] 

(R P T : r a w process time)j£$S 

[0 0 7 0] 

HfcTfc*v>TlftR7n LT, jfcRSftfcft^fcR^ 8 oRl^ttl-S*^ 

[0 0 7 1 ] 

14, «Ri*|cis»t*SsH-^>f 0O RJ££ 

, JftR3*i4-fk-£*R2 8+©Elfc : f-^^r«l*0«l*W*Jlltt* 1 TOi:4*o 
[0 0 7 2] 

^i-^2 3 ©T»fl*i&*v** a* 4 <, &rsj£ 

*uiRPT<&^r*±Tffi*"t«i*«rr**o Sfc* **»*Ro*RI6ia l ona» 
*ttJt«fim$-c**fc«>x *R1-*fc**«©^fcirfcj&Cfc*t**0*MW* 

[0 0 7 3] 
[ 0 0 7 4 I 

*BS<&¥**i£11<*>Rii#ii:MU «tatfc***»S^«4*R*ffi*iO f lftR3611 1 
KJ:>)*R3itfc'fk<MMI (Ta 2 0 5 R) 2 8.*fflv>t, *N**gfi©rtaSfcffl*£;J: 
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[0 0 7 5] 

JSHC*RS*tfcST0BI*tt*fkLT*1-»flHI8-C*4 o HlfcW-fffl-ttW- 
[0 0 7 6] 

**MBI g ."Cli> Atomic Layer Deposition (A L 

D) fcfc J: *K fl!'fr»RfcLT©STOII*J:O r BST|t* 

*LfcSTOtt*J:O f B STR©!fiFl4Kov>TaM1-* 0 
[0 0 7 7] 

•^n^^yx-* (S r (C, - i -P r , H 2 ) 2 ) , /*'J 9A^>^f* 
->*n^v*S?x^/u (B a (C 5 Me 5 ) , ) <£r b 9 H Kn 7 7 > (THF : C« H 
, 0) ftft (*MMM£ttO. l 5WJy>*) , fii^f h9>f v^n^i'Kf ^ 
> (TTI P) (JD-eii-rtiO^^fflV^o Sfc, ffittft^ifCH, 0#x£ffl^& 
o ?<b£> A-^tUl* (0, ) #7>&XV7*'Xy (Ar) 2f*£fflv^ 0 
[0 0 7 8] 

£1% 05 (a) , (b) £#MLoo N ^M««it3 U:ov^^tSo 
[0 0 7 9] 

as (a) a. &m&w.3 i<D$kv&Mf&zjEmi> t< ii«®^?>B^^-ria-c*4o b 

5 (b) EfcE3Sa3l£H5 (a) +*»^ai^lRlS*^BA/'C^1-¥lBH^**« 
£<&JifcR£fi3 Hi, *ttLfcJfn&tt£lfcPM*K* ±KKfMT*#*&#3 2 33«£O f K: 
jftft 3 3 frbKZo MftlfxW&Jk 2 li, B a 34, Sr 3 5 , T 

s r ^o*i*#ttWu»«)t, WT^awt*^"c»i. £a§*»»t*fcie>KS r*r 

Sfc, TttifcL-fcS r *#tr**fcli« iE«***fflv»* i:!E&ri s ^ 
[0 0 8 0] 

S r 3 5I1, ii:Sr 37, Sr 4>»fl3iEftlW»gS 3 8, * «t 0<S 

r ftftS 3 9 *ffcafcli*J2 0 Ot^io S r*tft&3 9T*tffc$*lfc 

Sr^lt **VTlTZb LTOA r 2 5 0 TJKlBI** S r # 

*BB«4 0£®>3, «*Mr*IM&tt*i:LT<&5£ROS r (S r- 

Mo^^*^-) 4 1Kj£<btt&o S r 1 I2KJ£$&1 1 

S r#*@ei?4 OiS rmVv'i^-4 1 fc<&**aWW*iE* -t4to"fe 
Sr^r/v'i^-4 1 WfeTC^SP^t tt, Sr^r/yx^^-4 1 Kill" 
£, Srf^t, A r if 7. itcit0 2 H7, t CSXttKSJ ») #x_S t Z> X 1 1:, 

2 a#Rttfc*iTV>* 0 

[0 0 8 1 ] 

TTI P#*«ifc3 6f±, ±£TT I PS£4 2, £?>TT I PS&4 2£&6 
0 < CKljn&1-&TT I P#0f&^*4 3, £ X C^T T I P©^«iM»J6i4 4*4^fc 
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££o TT I P Jtr*li % Hj 1 0 O'CKMSftfcTT I P*r*Btf 4 5 £J§>? , JM*#* 
ttftttJU: Lt<7)5^TT I Pif74 6 Kj££>tl£o TT I P#*-f 

>->'x^^-4 6fiSlSWl li*lKt£ft£>ttT£»K TT I PtfXfiTT I PtfZjy 
-7x^-4 6 £&T£JtJ&§y 1 1 $*l&<> TT I P#*MBW4 5 tTT I P** 

*W yVx.99-1 6 2:<753g£c3&frtt&> n^^TTI P#*-Y >->*x* ?-4 6<Dtl 
7G?>£&frKli, TT I P#*-f >yi^-4 6 Kii1-#*£, TTIPA^t, Ar# 
*l££f±0 2 **^i:^S^«j^-9]i9#x.^ii:^T^2,<J:9^> i£^#*$*Sm^ , 3#X- 
A;^:^ 2 b^lt^^Tv^o 
[0 0 8 2] 

H 2 0#*ft#&^5»i, ±KH 2 0S§fl3, ^<7)H 2 0£2f 1 3 8 0 t^inl^S 
H 2 0iJDf*r^#14, iSitfH, 0#*<D#*»fM$lg§l 5%t'frb%2> 0 H 2 0 # 
*fi&l 5 0 < CKt)D&$ti£H 2 0 2T*ESl 6 'SriS «9 . fcttfttfT.ift^te^ b LTOE 
£§I?>H 2 0#*-f 1 7 KM^tl&o H 2 0 iST.4 > V x 9 9 - 1 7 l±, K 

)S#§fl ll*lK!§:*t*>;}tTi3*K H 2 0#*l±H 2 Off* 4 y*Jx.9 9- 1 7 tftTKJS 
ffl lAliftKHi. H 2 0#xE§16i:H, O^'fWi^^-l 7tW 
1-^^*>H 2 Otf*^ ^x? 1 7 0«5cOSBfl-CH> H 2 OlfXjyV 
^9 9- 1 7Kii1-#7.£> H 2 0***, Ar*% SfcttO, K**ttlC*l >9 tf*. 

[0 0 8 3] 

?-^»t4*) «^'f>yi^^-4 1, 46, 17tJiS!lU, iOSWllWK 
A r iCTO, ^*^S^W^^RTt^^-v^*ftl&^i: LTO0 2 2T*>f > 

i>x**-l 9#Rj£§£l lrttS»te>itTV»4o "fftfr*., J&HI6W3 ll±, -£-ft4 
^ Li v> B a ^ ^ y x ^ ^ - ^)f)T 5 li) <DiT x 4 y *J * 9 

9~4 1, 4 6, 17, 1 9*«x.TV>ft 0 ifc, j3tBS^it3 1K»±, 3 >f > 5> 

4 6, 17, 1 9CA rtfX&XVO, iS7Wptt< H-**Mt4 
/<-y^ftl&*2 O^ft^ttfv^o ArtfZttz&Ot #7.fi, 
2 0^1-S/N o -v^r*SBt2 W&4Ws.9 9-l 1, 4 6, 17, 19 

[0 0 8 4] 

£ fc, S r ^'fWx^? - 4 1, TT I P if 74 y'Js.9 9- 4 6> H 2 OtfT.-f > 
yx^-n, JJiWi ^r*^f y a Js.9 9- 1 911, *JiW*i3fclM&ili:WM*e 

[0 0 8 5] 

) ZZ*m^W$\~W&^%-Z*>*> **t&#*x-^2 3 **JS-Kllllffc-C 

§ & «fc -9 K^ffin&^S 2 6 *«K»t <b ftfc * * h9 * - *AOBU6M 1 1 , £ OKJ£§ 

[0 0 8 6] 

fett, ftftftcii, )&M£tt3 l£fflv>T, JSLTta^SV— 5r>*"C-fk^»IRi: LT<& 
ST0K4 7^fi£M1-^ I bWT^So 
[0 0 8 7] 

«lfcfc<&9x^2 3*R£§&1 lrtfc#AU JE££#1 lrtKBl*itTV>4#- 
f2 4C$jf?«o »tT, S&iU&HS 2 6 Zm^X. RJft$&l 1 l*3<&£H*U3 «* 

rWyyxn-4 1, TTI P ifX4 > v'x * 9- 4 6, 0 2 -ft 7.4 y V s.9 9 - 
19, is itf'H, 0#*W >*Sx?9-l 7^f)^tL-etl*»J 1 S LMfoA r 
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lrtfcttteLT, EI6£M&1 lrt<^E**fel. 5To r rCfto, 1 
5TorrC^oo, B 6 Kitfr's-* v 7 £l£-2v»TfilTfc»'<*JfcR 

[0 0 8 8] 

EJBSSllWK, H 2 0^^fyyxn-17^f)H J 0^*tt2 0^H, 
&5 0 0 s c cm$Anti:1)i:, S K TTI P#Z4>y 

. i&5 0 0 s c cmTotti|&-r^o R£«l 1 ttfc H 2 0#*f4, 

[0 0 8 9] 

H 2 O^r/yx^ - 17, TTI 6> &£V0 2 if 

^y->*x*?-l 9^t>ft*&1-&^X*A r if7\Ztyy)%tZ> 0 ZilbkiiK, Sr# 
l^fb##£1-&#*£S r1T7KVMmx-X, S rgft^*fOT 
HF»««E*5Wft3 s c c mi: S rW/yx^-4 1 1 OtHKk. 

EftS&l lrtKiXt^o VTif7b LTOA r ^"^©3IE*»4, fe2 5 0 sccra 
"C&So t<&BK S r >vx* 4 10I*ffif4ft3 5 T o r r T*ofc 0 
TT I Ptf*^ y-^x^- 4 6, 0 2 ^Vyx^-19, S.fctfH, 02T*>f > 
V x.9 9-1 7frhlt> A r fc**lW<& 1 OfJMHU &5 0 0 s c cmf^MIS 

[0 0 9 0] 

»*, 2 8 OTJtHk-CliS rmftVfrffiEfo&ttZfeZbZ^tf. *f*-^2 3 <*>^B 
[0 0 9 1] 

RjfcSSllrttc, StfH 2 O^'fV-yxn-Hi^H, 0#**ft2 0® 
M> &5 0 0 s c cmfAntHC, S r^^V^x^^-4 1, TT I Pif74 
yV 3.9 9-4 6> teXVOt if 74 yVs.99-1 9*^»40, Jf7*%ti-?tl$)2 0 
tffl, |i)5 0 0 scc mfofl&fS, tJifcJ: rj x *9i-^2 3 <0$B±fcfifcR3 *L 
fcS r«MI:«ffll4'^*^iW»* l *^1-4ti:<>t, *A3*ifcH, Off*** S r 

[0 0 9 2] 

JsLLBlW L H 2 Off* <£ V S r if 7 ©fttefcXEfc 4 HI -foil 19 ST £ 1 K <fc 

*K #bl 2 OfJ^^x-^ 3?>OT±K#J0. 3 nm©HS*ftSS r BMtttlR* 

[0 0 9 3] 

H 2 Q#A<{y 3 J*9 9- 1 7^S>#*&T&#*£H 2 0 #*fc$J ") fxt, KJ6 
SSI lrtfcH, 0if7*$}2 O&ffl, *lj5 0 0 sc cm^Atio ZHt t fcic, S r 
^^yi^-4 h TT I P#*W >yx^-4 6> fcJtfO, W^/'x^ 
1 9 &t>W&t*#A*0, if7KV}*)&x_, 0 2 if7*Ztl<?fim2 0#W, ft 5 
0 0 s c c m-foRlSWl 1 
[0 0 9 4] 

TT I P^^fVyx^-4 6jJ»?»ffil&T*^*TT I P *)#x_T, 
KJfc££l lftCTTI P if Xtft 1 0^W, ft 1 5 0 s c cm#AtS» t "bC 

, H 2 0if74 y*Jx.9 9- 1 7> S r^r/y'x^-4 K fc<fctf0 2 if7*y 3 J 
3.99-1 $frb®Wrtz>if7*kTif7K*n*)%x-, Ar#*£**ieftftl 0®M. 

Hj5oosccmt'^es^iirt^no . 

[0 0 9 5] 

at, 2 8 orfflfc-e«*##£bfcv>*#T-rtt> tt i p 
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OT\ S r«fl:»Rtf!>|EiBKajtLA:TTI P^©xh*5>3fe»ift»UTV»*H, 0 fc 
[0 0 9 6] 

M. &5 0 0 s c cmiAnti^l^ S K TT I P#*^ 

^v>x^*-4 6s fcitfO, Jf*4 y ! J^9?- 1 9^<bl40 2 JfXiZii^Ufa 2 0 
#NU |f)5 0 0 scc mfoiftti. tS^ 0 2 *) , T i »<fc»K+<&&*/F*II 
m<WJ?-r2>t fc>bK> #X$JtfcH, 0#*#T i -S r*fMMl©$ifiC«#?-*o 
[0 0 9 7] 

ULkglKLfcH, O^ftl&fii^TT I P £££3 01* o* t 

*tfc J: *)> #?x-/> 2 3^OT±lCit!itJtT i - S r SMMfcKK"£$*t4T itSr 
£c7)*Mfc#K&^L< ^d/^^ hS&ilMgjft (S r T i 0 3 ) 4-ttSSTO 
|47^ % 3©^iB±H#b9 0#T% &0. 4 n m 4 RJSTlfcR?" 

[0 0 9 8] 

iiEU4?i:, H 2 0 J: r ^ott»*S2K4Hfo« 

>**frofcfc, H 2 0#*?>«£J:tfTT I P^©M*S2 
H3HI-fo^V)ig-r-mo->-^>^§r : fT? tfcHJ: *K ^it& 2 1 0#-e#**-^2 
3(&OT±fc*D0. 4 nm©iI^tnST0!4 7 *»i&-KJ*R-r* i 

ft£3 0@*»)jS"* _ £fcfcJ:»K ^xw\2 3 ®± K S T 0 BU 7 **t> 1 2 nmJt 
*t$-££o fCtt, N 2 ^tBOSSSl lfte*AU, STOM4 7Jfc*&4 o ot-c 

[0 0 9 9] 

2cfc, H7 t^-fJ: 7 fc> HPgW***&7 Onm, $!SD#&4 2 0 nm^ 77.^* h 
Jfc**ft 6 <T>?L 4 SOrtflUfcJ: tfJiSfc; ST om*&V&tZo £oB&* *£iMBS<0i£BW 

»£J:* STOR4 7, is itfilliro&C V Dfefc J: Lftv> S T om<O^H^fi<D 

mm &£vmmj&<7>£3-&z, H7*Aiv~A5v«>5fttffci3vvriMrr* 0 -<^tf 

lK^I - . RWttBMfiTEMfcJ:*), i fcR»J«»4T EM- E D X K 

[0 10 0] 
»CVDSC***fr*^K*t. 
[0 10 1] 

ttK^4 0 OSfc, SiE^^SlTo r rfcRjel-*. **lfci:'b^ J&ft* L 
TOS r (METHD) 2 , JsJrtfT i (MPD) (THD) 2 <On^f«fiI (& 
0. 15^*/')^*) OTWIlO. 3sccm^4J:9KKgtio#* 
0%/5 0%<7)O 2 £:N 2 OiWfi^*fflv>4, £0 «t ^ ft^M^frTKi*^ 
Ts ^CVDSK^^S^STOIML^ STORKN, ^t|]6 5 0 
t-CRTA (Rapid Thermal A n n e a 1 ) U^ B aftHS, CL<75 

[0 10 2] 
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[0 10 3] 

3it4v>£i:*j3*1-. &#0&C VD#rCli> LT»*MlftI»t«: L S I 

OSWHKb^*) £iato*#* Hit "C* 4 i t ##1, CM 3 *l 4 o 
[0 1 0 4] 

HLfcSTOBM 7> £J:^3|5<af*CVDfefc£^V>Tj£l&LfcSTOIl<^ so 
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v>T*RLfcSTORlcJkXT, ****»lc3fe^v»T*|| Ufc S T OBU 7 <*>#^ <fc 

[0 10 5] 
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[0 10 6] 

{4#7n**£fflv>T^$L£* J r^->*£, W&tf&fciS^H^L&^r^S-SA^ 

o>v> x \t z. v> * * **s 9 *mk. & *m&gw *» an- f5» w^sa k 4 4 1 t 

fllx.tf#JfE&«jI£#1-£LS I l*l Oft i^Jiic* 

[0 10 7] 

iSttt LTT^^f^K, 4fcli7*n*5'K*£trDPMe#£Ev>*c:i:-^ H 2 

o «x.»f, STOI^, 3 0 otg&^aitsaftWtB-rfcao Sfcfc, SrSW 

i WMJfXli, &4 0 or&Tfc*v»T*iteMMBrPtt«$ (0, ) 
$ (N, 0) tJ&^RlBLflfV»0"C % ^-y^iLTO, ^N 2 0OfW**flrtt"C** 
o £*U4, Ett«Kj6Hi-*STOII+o*«5F«*«>«l*»a:»*"C**A^*»"? 

2> o 

[0 10 8] 

[0 10 9] 

(* 3 ^)*l«)fi) 

3**3^38*18 8* J: Cfia 9 t^BRbooftKi'io 12 8 14, ^3 
**»3Rtff4*Bligit*flWMkLT*-ria-C*.*o 09 14, »3£JWBSfcfc*JfcR# 

[0 110] 

***3^B"C»ix ^.#S<Jtcfi, Atomic Layer Deposition (A L 
D) tt*/<yf-MT3fc*1-*£fcfcJ:tK ffrfrWRfc LT<DT i - A I -NR«rJ*R1- 
*R<0JftR#ftfc«fcO , lftR£fi* T i - A l -NR*>JftR*fK *LT#e>*ifcT i - A 

[0 111] 

Will«*I^Dt^ttt, Wt^ik L"C, fr/^n5>fK (TiClJ , £ 
i^7;i/=-^A^n7>f K (A 1 C 1 , ) O-eit^itO^ £fflV>S 0 fil'fti'fctf 
7tLTNH 3 ^*/flt>4, Hi:, A-mtLTT^> (Ar) *T**JlV»* 

[0 112] 

128 (a) , (b) ^ILoo, **TO)i<75)£R3£S 5 1 Kov>TSiW-r*. 
[0 113] 

128 (a) f4, J£R£35 l<7)^B&#^*iEffi ! i)L< ttffi5iSa^Bl^-C^T0-?2>*o 12 
8 (b) li> 1*H5 (a) **«&90rtS*e>^Wf¥lBB-e2b*o 

;<5S««f5 Hi, ML7t»l«Mi3i^2«^l^ra^> 
&i^5 2£J:0 f £l&#5 3 R*Jtr*ffil&*5 2 14, TiCl, 5 

4, A 1 C 1 3 5 5, fcitfNH, 5 6fcir*&fc*o 

[0 114] 

TiCl, ^ffi^5 4 14, ±KT i C 1 4 5 6, i^>^5 6*|lt 

ST i C 1 4 7, fcitffcfittfcT i C 1 4 ^^«ES*U^S5 8fcf^*>& 

So W*C A 1 C 1 s 5 5 14, ±KA 1 C 1 , ^#M5 9, £<G#>^ 
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5 9 imnk+z a i c i s imftgit6 o> * jiwattftA 1 c 1 , *r*xiMffgii6 

l%i?frh%2>o T i C 1 4 #7.**>^5 6£<):tfA 1 C 1 3 #X#>^5 9 £>*&J£li, 

Zfi^iifoe om^o t i c 1 4 ffxxvA i c i , #*f±, **i-e*i&8 cckjjd 

f&?tlfcT i C 1 4 #*Etf 6 2£«£O f A 1 C 1 3 #*EE6 3 $*ifi>9 . Wfl- 

LTOE£ft©T i C 1 4 4*^^10 1, ^r/vx^ 

?-6 5 fc£V> £>*i;& 0 T i C 1 4 ±9 9 - % 4£<fc0 5 A 1 C 1 , 

if7s4VVx.9 5 HSV> 1 lrtfcR»tS>ftTi!»K TiC 1 4 * 

^ilFAlCI, ^Ji-eit-etlT i C 1 4 >vx? ? - 6 4£.i:0 J A 1 C 1 5 # 

5*STRIB#S1 lrtfc£M&3it*o 

[0 115] 

T i C 1 4 #*Etf6 2i:T i C 1 4 iT*4 9- % 4iO»B»^#i!r, 

*>T i C 1 4 4 <&*R7C*>aS5H^ T i C 1 4 #*>f V a Jx.9 9- 

6 4H»1-^Sr^ TiCl« £ fcfiA r #*KS&&£iaJ <9#x.& £ i: & i 

2 cjMRttfcftTn*. Rlttfc, A 1 C 1 , ft 7s 
Etf 6 3 fcA l C l 3 X*4yV*.9 9-$ 5 fc <&««8MM«Na% 1"&fc*>A 1 C 1 s # 
*>f V5>***-6 5<*>*7COgB5H:tt, A1C1, wm^^-6 5CJit^ 
A1C1, ^ifcttArjy^K:aiRfl«iJc«0*x.*ii:* 1 f§*-J:?t, 

[0 116] 

H 2 05tTXft»*5 6tt, ±»:NH S 6 6**0*1111, #*©J!r;*it**WMe 

f 6 74W^^S, NH, ^T^. *±iMj 6 orfcjD&SJtfcNH, **^SBt 6 8 <9 , fS 
ttft^ftl&fft*fc LT^fiONH, ^^>yx^^-6 9i:It>tLJ, NH 3 # 
74 >*Sx.9 9-6 9 fi, RlS§£l lftfc&tf <3*t-C£»K NH, #*iiNH 3 
>i?i^^-6 9 £*1"CRI&#S£ 1 H*l£#il&3*lSo NH 3 6 8 t NH , 

^yx^- 6 9 fc<B««»5WiiS* "t&to^NHj 1T V V x-t 9 - 6 9 Ol&TC?) 
SBfrKtt, NH 3 if74 >Vs.9 9- 6 9 NH 3 ^JfcliAr^i:! 

^^^7ift^M(j#£^';vri 8 a* f K»t& 

[0 117] 

CO J: -5 fc, J&HSW3 1 li. 3»A^^ y*j3.9 9- 6 4, 6 5, 6 9**^.TV> 
&<> T i C 1 4 sSf^W V~?s.9 9- 6 4, A 1 C 1 , #7.-f 5 , £ 

[0 118] 

SKA 5 3ii, $i$jft£3U3 J:tf*2*Kj§M8fcro«fc, iSR****** *L4* 
(*x-/n) 2 3 «rlllfet!tmP»^tt§flrffi-C*4i: HK, %Hb&*7^-"2 
3 IcJnUfc-CS « J: * K$$ttD£t£11 2 6*«R»t&*ifc*y 

Hi K i^RJSSfll 1 rtfc*v>T#**-^2 3 *«e*tf»0|?lB*SV^3rSg0MHI 

LT<0**-h 2 4, lrtCft»«*tfcfifl- 

F 3 Jtr**Rl6£&i 1 C1F 3 IfxW&lhl 0£titx.T^£o 

[0 119] 

ifc,B8 (a), (b) C*tJ:oi:> 1 lKJi, ^OrtgBfcjfc 

§3*l4#*.*-' , »2 3tPHK!)lAt, 3*^^>yx^^- 6 4, 6 5, 6 9 t^t 

fcifcfc, #- I* 2 4fcli, #gm?L7 l#IH3*CW/yx^-6 4, 6 5 
, 6 9ftififcWC* #->x-/n2 3 4r-e*l^>OWfll*^feHtrlE«»*tt LTO»ift# 
(Ht9 7 2#!£tf£>:itTV>& 0 £*lfcJ: «K 3*^r/yi^- 6 4, 6 5, 
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6 9*atTSJ£$Sl lCft»?^*^l^ *R«7 2©nHK%irai*liB1 _ £fc 
&t<> h 2 4t$JfHi!:#'>i-^2 3**+ttKStrJ:dK, M^>v^ 
?- 6 4, 6 5, 6 9^§tBL?L2 7^f>##f^?L7 1 ^lRl»tTM*t2)o 
[0 12 0] 

*»«OKl5M 1 1 TWifc Lfcfciltfc i «3 1 l <?)rtli:MI*5 

^2 3oaUt*flWfKWIi1-*£ t#-C£So &2fc, UtrsfcLfc&i&fcJ: ij . Jgfl-^. 
fStfrffctf;*. * J: tf/t £^-^2 3oS®#jS*> #*x-^2 3^ 
*9x-«2 3<*>E»)fc&Kttfc#*£fflt&*^fc1"£fc* , '?£*o 

[0 12 1] 

F 3 *^Wn-tt:J:»), lt*l£C 1 F 3 * 'J v^-f* £ 

J: >9 SjE TMk^fcR £ £RT § * o 
[0 12 2] .J 

tfett, J&R^S5 l£fflv>T. VXTK&<<2>z/-*>Z-?tt&yaf6kbLX<D 

B?j?L*v>T i o . 7 A l o . a NK*JftRi-4."l>OT**o 
[0 12 3] 

JftR«3ffii f lfc3*i.4lMfc|jco^*-^2 3fctt, T i „ . T A 1 , . s NBW*Sa£Sit 
*BOg*& 1 3 0 nm*>Bjj*Lfcv>3>** h *-X>*«*lWMt* tTCUSo *Lt\ & 

(LTS) KJ: »)Bjj*l.*v»T i 0 nm$«Ui<. **tfc i: fcfc, 

^2 3 KM LT, &6 0 or^RTAKJ: •) -> <j *M 7*- 3 > £-ti:T33 < 0 

[01241 

§»1 1 nUE1t?4XTV»ijK- > 2 4 K£#$-£S e £c*tT, $Hj)D%H1i 2 6 £fflv» 
T> RJ£§£1 lrtO&H&fcitfcg-^x-^ 3 5 0 0tJK44 <£ ? fcfciSj 

-KJlHtio *itfcifcK\ T i C 1« 4, A 1 C 1 , 1f*4* 

~s^?9-6 5, £«fctfNH 3 Xx4 y*J s.9 9- $ 9 *&*it-eii& 1 SLMfoAr 
IrtCfltffrLT, RJS§Sl OTo r r K«o 0 JJt 

jSStfi UFrtfift) #5 0 or ±2 0 ltv> 4 ifcfcm&Lfc 

[0 12 5] 

BU6S»llrtC NH 3 *M>y*^^-6 9*^NH, A^^IOM^ 
fcl SLM^A-TSt t fcfc, T i C 1 4 ^r/vxn-6 4£J:tfA 1 C 1 3 
W 5frh\tA r jf^ZH^tlfa 1 0^M> l)5 0 0 scc mfoft*&t 

[0 12 6] 

^i:, A 1 C 1 3 ^Vyx^- 6 5^£>&S§Sfl lWCAr^*Ml^ % 
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, T i C 1 4 **^'/yx^-6 4*&flW&1-*;*r**T i C 1 4 #*fc3J*3#X.T> 
&&#2£l 1 ACT i C 1 4 JtT**l&5ffrNU to 1 S LMiAt^o A 1 C 1 3 if*4 > 

,H)5 0 0 scc mro&fc£& 1 1 rttcttl&l- 4« 
[0 12 7] 

5 0 OTDfJ&TNiT i C 1 4 lift iffei ^ 4v»*«, #>>x-^2 3 0|c 

Sfc.iNH, 3&«IR*LTv»swc % #«^i-^2 3*>^Sifc8l&LfcT i C 1 4 #*l±ift 
tLTV»4NH, fc©IWC^»EJB*feCLi-o ^i-^2 3«IiiK> 

[0 12 8] 

gJBSSl lrtH, WNH 3 iS^yVx.9 9-^ 9i^NH, #*£#jl 0U> 
W> SLMfAtitt'bl^ T i C 1 4 *'^>yx^-6 4^^10 1, 
5^&ti:A r #*£*ft^*l&l 0^»m. & 1 S LMfoft^fJ 

flMli1-*o S&fcli, ^ASftfcNH, #*#T ifcft&R<Bf£iBfc[ft*1-*. 
[0 12 9] 

W±KWtfcNH, ^^ft*&*J:0 , T i C U ^Oft»tS2K5Hfo, & 7 5U> 
[0 13 0] 

NH, *r*>f V a Js.9 9- 6 9^U^Mt4^S:NH, ^K««3*AT, 
KJfcSM&l lfttNH, 1fX*mi 0#ra> ttl SLM^A-TSo £fc> A 1 C 1 3 
*y*j3.9 9- 6 5^f>A r ^*jaKWl lftfcft&Loo, TiCl 4 vz^vy 
6 4^«T£#x£A r KiJJ >9 #x.*>o A 1 C 1 , XX 4 V*J*.?9- 
6 5 j3<fctfT i C 1 4 -ffK^yV 3.9 9- 6 4#&tt, A r H7s**:MMh 1 0W> 
ftl SLM-foRJ6§Sl lftfcftl&i-*. 
[0 13 1] 

T i C 1 4 >vi^-6 4*?>RI&gSl lfli:Ar^*ft»^ 

A 1 C 1 , *X<<* S J3.9 9-S Sfrh®&-tZ>1?**k l C l 3 #*fc£J*>tf;t*o * 
Jtfcfcfcfc, NH, if*4 >*Sx.99-6 9^?)Mn^^A r #*K§J >9 #x.£o 
A l C l 3 5^<bs RI&Wl lfteA l C l, #***&5tl>IHU 

*Jl SLM«-fSo Srt^ T i C l 4 *^^fV-> , x^^-6 4feJ:Cl t NH, 
i^-69^ EKWl lWCAr^^5W, ^tl-etUfo 1 S LM"f o#*& 

n„ 

[0 13 2] 

5 0 0tJffi?r?l±> A 1 C 1 3 WiW»RJ£l±?&^jfei?>'S:V>*«, 2 3 O 

gB^^m^ti^T i jfcfM&R<&£iBfcttNH, «*LTV^<D-C> Tiift»i 
iBta^LfcA 1 C 1 3 ^liffLTv^NH 3 *<&W^ilI*5MffRJfc*jB£l"o £*t 
Cil), ^i-/n2 3?>S®±K> 0^L&v>A l <Q&im<7>mi) i 1&&ZtlZ>o 
[0 13 3] 

fcfcgHllrtfc, BWH, 1S*4 >~Jx.9 9-6 9ri^NH s 2f*£ftlOl3> 
HU ftl S LM^A-t^t fcfc, T i C l « >Vx^^-6 4£J:0 f A l C l , 

!!fX^yx^-6 5*?»liA r fc^aVftlft 1 0#WK ft 1 SLMfoftftti 
o t*lfcJ:»K #9x-^2 3<&£lB±Mfe»3ftfcA l#«££Klgft$ft*J:fcfcfc 
, £<AA lCgftlcWcaiLT^fcA l^^^^fT&^bT^^-^Afc^oT 

[0 13 4] 

EUiKBLfcNH, J: A 1 C 1 3 3iT^©ft#&*3!Et2@ro*»>iii"« 

£*lfcJ: »), #^x-/\2 3<Oiffi±^3 0B>T\ T i 0 . 7 A 1 0 . 3 NO^** 
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[0 13 5] 

■f-om fet-fe^y -<r > zZftv tzfe, N H 3 **^Ott#&^«t^A l C l 3 

x-^2 3©IEB±Clll2. 5nraORf*tt4Ti,. , Al,. , NR**^-K 
jfcR1"4 4 « 2 RROS' S>**#tM& 1 0 5®<7> s s-fryZ 

*l^>f^^i:UC*l*30ia*>9jg1-ittJ:»Js#^x-/N2 3<aOT±KT i - 
A l -NR£&7 5 nmi«?*4o tftfcJ: «9 . ***JIM^>RR:/n.fc**RTfc1- 

& © 

[0 13 6] 

a±ftWUfc«R^D-b^m:»), «-*x-/n2 3 fc^&BJfc* ft 
h7?^oRiBM\ &5 4 oroBS-fk1x^H^iT^i3>t^»3i-e , b^^b$ ft 

■f , 3 > * * h ttift*«+fl-Kttv» i ;ffifeR 3 Jifco 
[0 13 7] 

6 6 5, 6 9^»t&ftTV>*flfc#ieir4flfcR»R© 
JMWLl l*K»t*. C*LfcJ:ij, JSWMT*, iSttfk^, £<fctf/N-- v#*£, *ft*> 

So £©J:d4»*tt- *3!T^-f 4, 6 5, 6 9 #&4H0MR?L 1 1 fc*»t 

MSftT**- h 2 4 2 3 i#©SE«»*2:ffl*ai**Xl? 

itCi^-ilft^So W^>Vi^^- 6 4, 6 5, 6 9fcRtffcftfcRR 
R«Difc&flJL?L2 7)i»^i-^2 3 fcft>tT»SftfcIim#*> flM&ftff^ 
ff/t-yar*!*, #«>x-/n2 SUitfiMcR? 2fcRrt3ftT#SMC?Ll ltftlfC* 

»R*fll*Tai*J: < * *ofi*T£&fcj&R-e§4o 
[0 13 8] 

~R3 0#**#Rfcl*1Wi&3ft4^o *&9!<0ft**fcKbfcv>l6BnN * ft 

, **v»ttn*fc*©HK*R****R£fc*HLfciK **v*tt4MIRS*5Mu « 

[0 13 9] 

h9-f V^njK*^Ff-^> (T T I P) *fflv»4C: J: <9> T i 0 2 I^Ta-T i 
-0R£)£)g1-4£i Wg-?&4 0 IrI^IC, Rfti: LXA l C l , bV* A 

1,0, R£j£Rt4£i: ^TOT-fc^o 
[0 14 0] 

4*:, »1 -*30#**»Sl^*V>-Ctt, ZUhVUm (SOT) 

*2v»c»ns*fctt«T, ±T (R) ff|fBC«R-r*J:$fc£l6«l lWKERL*: 
£?x-^2 3 0EWfcRli£ftfcR4 i J>©"ettfrv>o 00*.^ 2 3£> 

ZfihvUm *£v>fcRM3*fc#aTN (R) ^fofcM'U^fcEJfc 

SSI lrtKEILTtifcftv*. ifc, #?x-^2 3 £T2v>e¥ffk*4»» 
"CER3ft4&Rtt{tev> 0 -£ftfcfc*>fc, ^*-^2 3H\ RR-r4#>>*-^2 3 0 
MR*^Ti&^i5f^:gSHRSga!*tTK11$#i4^5»ij!ftv». 2 3 <&ER#fl 

> WR&irtt, RlSSSl 1 rtfc#AS*i4*rx©RR, «ft<*>:frffl 

, *J:tf£2r**^R$ft4R#fc4rfclSi:T, x-/\ 2 3 ©RRiKft-frRR^R 
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S-fcSjEfcJKJS^JfcRSft* J: 1 S8jE*:RffifcR£LTaifcfrv> 0 

**-b2 4£, #^i-^2 3 0E11^Ir1x MRI4 4r*a±s SUEfcttRfcRSe"? 

[0 14 1] 

JtaHSfcirici&CT, #')x-;n2 30|£1fi±K'fb#«lt* f *i&-KaUE4:tti|-C]*R 
% ##*4>yx**-fcRtf/b;ltfcajMH<&i!fc*tbL?L2 7 

tfcLft&f^ #?L2 7<D#S, ■f4fe*#f*-^2 3 0E1tttillcj6CTJB*, SIE 
&*§3fcR5SLTfl*fc*v» 0 0Jx.tf, #*x-^2 3*^ »l~^3*M©«t^i: 
±T#fllfc»Jir* J^fcEttLfc**, #&§aiL?L2 7^£>0#Xft#&J££ J S>i££ffl 
Lfifct*^ t±l<5"!rj:w\2 3*ttTiOi-^2 3 WC, 

, #-)x-^2 3«iIJ:i:, ft-frfcR* <t «J#-^ i >J 5fcE*ttaT*ltTS So 
[0 14 2] 

Sfc, *3**^»M*v>-Ctt, JEW 7 2 2 3«>lt«#fcR»t 

i*LKR*'bO"T?Ji4v»o Wx.»f> lit 7 2t, *^-f>^i#^-*6*» 
&?L7 1 £Wr, #^*-^2 3 *3a»UTV»4#- b 2 4 ^.k^fcRttT <M*fc4v> 
o £*Uc«fc*K #-)x-^2 3 fc|td»tTftl&S*i*##*©iSlft3b*% SE3ffi«l** J: ») Ift 
±3*T» «.*r*0*lffl8&*x Cbv>TttJfcRa#£*«fcfo±-C£*o #9 x 

-^2 3££HLTv>**'- b 2 4<&±TWS»8B*, * 0«»*«l* 

<t^ 6 £*tfcj: t? , JISliiiO^&jiJBRoJ:^ #- b 2 4 M 
11^7 2^ R»t*V>»-fr-C{>, ##*©fflfflOTi5J:tfJ&R&**lftU:"C&*o *fc 
, *©J:$fcj&lfc8»&fc&#- b 2 4 Sr»iK«7 2 fc#ffl-r*l»*, #^?)fllSaWJ: 
O f Bfe)S^$*M^"C|n]±^ £ & <?3 ii t *> h So 
[0 14 3] 

Sfc, &#*-f >vx^^-^f>#*-^S:tti^LTv^raii> lrt<*>*Rfc# 
**8MK*2 5 fcJ: >JRJBS» 1 lO^atifiltt^A-f 4RSEt"f*t J:v^ 0 iftfcJ: 

[0 14 4] 

urn, *%WK&z>&m*m> &mmw., ztv*mtmuv>n&is&*R»"C3L&w 

[0 14 5] 

a.Hlq]±-C§, WHBl03ir^PiI±O«SKJS*«ac»lltl4. L^oT, 

*%WZ%&&m%&KZtU** A L Dft *fflv>T^7 f SUie J: >) 9^ 

[0 14 6] 
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[12 1] *l**»»fc«*Jfcfc«*«*ftLTv-fH. 

[12 2] *l***»Cff**R*fe^3/-^>^*^1"H« 

[I2 3] l«±i:Ta 2 0 5 R^ttR^itSftiia^ifll^W^I-XglBfBHo 

[[24] Ta 2 Os R*lftR1-4RC»4-t*^-7 l 'f 9 *e>M&4 ^Kttl - *^ 

[12 5] *2**»»K«4*ili6il*«*fl:tT*1-|H. 
[12 6] #2**»fflK#**R*i60^-^>^*wi-H« 

[127] »2***»e***R*t6tJ:*)^©rtffiJ:0 , aHlc*ll«4 v LfcSTOR* 

[12 8] *3**3&fflfcfc*JftR£tt*tt*ftLT^1-Ho 
[0 9] fM**B»fc***R^<0*-*****'*'l H . 
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